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Abstract We have studied the magnetic and magnetodi-
electric (MD) properties of La2CoMnO6 nanoparticles of
size *28 nm prepared by sol–gel method. Dielectric
behavior showed two relaxations coinciding with the
magnetic transitions at 218 and 150 K, respectively. At
those relaxation maxima, a large MD effect of 11 and 8%
(at 100 kHz) with 5T was observed and the magnitude of
MD effect is dependent on frequency. DeMD  M2 relation
in the paramagnetic to ferromagnetic regime suggests the
spin lattice coupling; however, within the ferromagnetic
region (200–100 K), we have found DeMD  M4 relation
which may be due to the complicated spin–pair correlation
interactions among next nearest neighbors. Complex
impedance analysis showed large frequency dispersion of
dielectric permittivity, and strong influence of both bulk
and grain boundary impedances with magnetic field clearly
suggests that both intrinsic spin–lattice coupling and
extrinsic Maxwell–Wagner model combined with magne-
toresistance effect contribute to the observed MD property.
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Introduction
Materials that posses change in dielectric properties with
an applied external magnetic field, namely magnetodi-
electric (MD) effect, are potential in several novel func-
tional device applications (Eerenstein et al. 2006). MD
effect has been observed in systems where the electrical
dipoles get coupled to magnetic order with or without long
range electrical dipolar ordering (both multiferroics BiFe-
O3, TbMnO3 and non multiferroics SeCuO3, La2NiMnO6)
(Goswami et al. 2011; Kagawa et al. 2011; Lawes et al.
2009, Rogado et al. 2005). Though, MD effect has been
studied in wide varieties of systems, the origin of this effect
can be different depending on the electronic structure and
phonon spectrum of the system. The reported large MD
effect near the FM ordering (*100 K) in BiMnO3 system
and the observed MD is proportional to the square of the
magnetic-order parameter, (i.e., DeMD * cM
2) suggesting
the intrinsic MD effect due to the magnetoelectric coupling
(Kimura et al. 2003). However, extrinsic effects like par-
ticle size, grain boundaries and spin disorder etc., can also
influence the dielectric response under magnetic field.
Recently, the extrinsic contribution of Maxwell–Wagner
(MW) interfacial effect combined with the negative mag-
netoresistance (MR) can give rise to a large MD effect,
even though the material may not be multiferroic (Catalan
2006).
The family of double perovskite systems with formula
A2BB
0O6 (A-Sr, Bi, La; B/B0-Ni, Fe, Mn, Co, Mo) has
received renewed interest due to their correlation of mag-
netic and dielectric properties (Rogado et al. 2005;
Kobayashi et al. 1999; Dass and Goodenough 2003). The
La2CoMnO6 (LCMO) is such a system which exhibits FM
transition around *220 K (Dass and Goodenough 2003)
and their epitaxial thin films showed a MD effect around its
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FM transition, and the effect was attributed to the spin–
lattice coupling (Singh M et al. 2007). Truong et al. (2007)
have observed softening of phonon modes near the mag-
netic ordering temperatures in LCMO system confirming
the existence of spin–lattice coupling. Here in this report,
we show the preparation of LCMO nanoparticles and their
MD effect near the magnetic transitions, and also possible
reasons of intrinsic and extrinsic contributions to MD
effect are discussed.
Experimental details
The polycrystalline single phase LCMO samples with
28 nm sizes were prepared by conventional sol gel method.
The required stoichiometry ratio of La2O3, cobalt nitrate
(Co(NO3)26H2O) and manganese acetate ((CH3COO)2
Mn4H2O) was dissolved in water and added appropriate
amount of ethylene glycol which acts as a chelating agent,
the resultant mixture was kept at 80C with continuous
stirring for 2 h. The obtained viscous gel was decomposed
at 150C temperature for 6 h. The finally obtained pre-
cursor was calcinated at 600C for 2 h to obtain LCMO
nanoparticles. The temperature dependence of AC
susceptibility was measured with Quantum design SQUID-
VSM magnetometer. The temperature and the field variation
of dielectric properties were measured using HIOKI–LCR
meter at various frequencies (100 Hz–100 kHz) with an
excitation AC voltage of 0.5 V using a closed cycle cryofree
superconducting system from 300 to 5 K.
Results and discussion
The structural analysis (not shown) by XRD and TEM has
revealed that the prepared LCMO nanoparticles are of the
order of *28 nm and showed single phase with no
impurities; the structure can be assigned to pseudo tetrag-
onal crystal structure (Dass and Goodenough 2003).
Detailed structural analysis and surface morphological
studies are reported elsewhere (Krishna murthy and Veni-
madhav 2012). Figure 1a shows the temperature dependent
out-of-phase (v00) component of AC susceptibility for
523 Hz with amplitude of AC signal 1 Oe. Here v00 com-
ponent is sharp and abruptly decreases to minimum at
218 K; and this can be assigned as first ferromagnetic
transition (Tc1) and the second magnetic transition at (Tc2)
*135 K is clear but weak, and this signal is difficult to
distinguish against the large signal from the 218 K transi-
tion. In addition to the above two ferromagnetic transitions,
there is one more very low temperature magnetic glassy
transition and the details of which is being currently
investigated. The two magnetic transitions at 135 and
218 K are in agreement with the previous reports of bulk
and films (Dass and Goodenough 2003; Singh et al. 2007),
and are assigned to ordering of Co3?–O–Mn3? and Co2?–
O–Mn4? valance states, respectively. Temperature depen-
dent real part of dielectric permittivity (e) for 100 kHz
frequency is shown in Fig. 1b. The dielectric permittivity
has been found to be large at room temperature in com-
parison to LCMO films (Singh et al. 2007). It is interesting
to note that there are two sharp drops in the dielectric
permittivity accompanied by clear relaxation peaks in the
dielectric loss as shown in the Fig. 1c near the magnetic
transitions. The dielectric permittivity saturates (e * 10) at
very low temperature below 20 K due to dipolar freezing.
MD behavior as a function of applied magnetic field at
different temperatures (isothermal plots) for 100 kHz fre-
quency is shown in the Fig. 2a. The MD% effect has been
calculated as MD %ð Þ ¼ eHðTÞe0ðTÞe0ðTÞ
h i
 100. As shown in
this figure, the observed MD effect increases with
increasing of field and it shows two maximum one with
*8% at the weak FM transition *135 K and second one
*10% occurs around the predominate FM transition at
220 K under 5T field. Field dependence of magnetodi-
electric loss (i.e., MDL %ð Þ ¼ TandHðTÞTand0ðTÞTand0ðTÞ
h i
 100) at
100 kHz for different temperatures is shown in the Fig. 2b.
It is interesting to note that both MD effect and MDL are
increasing with field for all temperatures below the FM
transition at *218 K, but they showing different sign
Fig. 1 a–c shows temperature dependence of out of phase component
of AC susceptibility, dielectric permittivity and dielectric loss,
respectively
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above the FM transition (C220 K). This suggests that the
observed MD effect in LCMO nanoparticles may be an
intrinsic effect.
In order to understand the origin of magnetic field-
induced dielectric constant in these LCMO nanoparticles,
we can incorporate Ginzburg–Landau theory for second
order phase transition analysis. In case of ferroelectro-
magnets, the thermodynamic potential can be as follows,
U ¼ u0 þ aP2 þ
b
2





where P, M, E and H are the polarization, magnetization,
electric field and magnetic field, respectively and a, b, a0,
b0, c are the coefficients of Landau free energy terms and
their nature can be dependent on type of magnetic phase
transition. According to Ginzburg–Landau phenomeno-
logical Eq. (1), eMD is proportional to spin–pair correlation
function and M2 with a relation, MD (%) = cM2. Figure 3a
shows a linear relation between MD (%) and the square of
magnetization (M2) near the PM to FM transition region
*220 K for 100 kHz. However, in the present system, this
relation does not hold below the FM transition due to
complicated spin–pair correlation interactions among next
nearest neighbours. As shown in inset to Fig. 3a, it can be
observed that a higher order magnetization of M4 fits well
with the MD (%) in the FM region from 200 to 100 K for
100 kHz. Recently, such a higher order coupling of M4
with MD (%) was observed in thin film multilayers (Pad-
han et al. 2009) and composites of PCMO nanoparticles
with polymers (Chandrasekhar et al. 2011). Moreover, such
a higher order effect is possible in low dimensional mate-
rials (Eerenstein et al. 2006). Further theoretical and
experimental study would be required to understanding
clearly the origin behind such a higher order coupling of
MD effect in FM regime.
We have measured frequency dependence of complex
quantity of impedance (Z) with a function of frequency at
different temperatures. Figure 4 shows (i.e., Nyquist plots)
the variation of real (Z0) and imaginary parts (Z00) of
impedance at different temperatures with (5T) and without
field (0T). For every temperature, we have observed two
semi arc circles correspond to bulk contribution to dielec-
tric permittivity in the high frequency range and grain
boundary (GB), i.e., interfacial region contribution to the
dielectric permittivity in the low frequency range. But at
low temperature around 120 K, the bulk contribution semi
arc is predominant, while by increasing the temperature its
effect decreases and contribution from GB semi arc is
dominant. Under the application of magnetic field, both
core dominated bulk impedance and interface dominated
GB impedance changes. The shift of impedance arcs cor-
responds to bulk and GB regions under the magnetic field
demonstrates that the MD effect is related to both intrinsic
and extrinsic effects (Dong et al. 2011). And the shift of the
Fig. 2 a, b shows magnetic field dependence of MD effect and MDL
at 100 kHz frequency for different temperatures
Fig. 3 shows variation of MD effect with M2 and M4 (inset) relation
for 100 kHz frequency at different temperatures near to FM–PM
transition and below the FM transition temperatures, respectively
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bulk arc can be attributed to the intrinsic spin lattice cou-
pling. In the present LCMO polycrystalline nanoparticle
system, the growth of magnetic domains in the applied
magnetic fields giving rise to decrement of probability of
domain wall scattering and the spin disorder at the GB
regions, and this strongly influence the resistance which
leads to negative MR property. So, the change in the GB
resistance as a function of temperature and field suggests
that the conduction mechanism can play a role in the
observed MD effect.
In summary, we have studied the MD behavior of
LCMO nanoparticles in the PM and FM regime. A large
MD response of 11 and 8% at 100 kHz near the two FM
transitions was observed. The MD response was alleged to
arise due to the dipolar relaxation coupling with magnetic
order parameter. Though MD effect shows DeMD  M2 in
the PM to FM transition regime, DeMD  M4 was observed
in the FM region up to 100 K. Strong influence of GB and
bulk impedance with magnetic field suggests that both
intrinsic coupling of magnetic with dielectric orders and
extrinsic effect from MW model combined with MR
property will contributes to the observed MD effect in the
LCMO nanoparticles.
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